Humans are exposed to various stimuli which lead to somatic modifications and changes in body posture, negatively affecting many of its characteristics. The purpose of this study was to assess significant alterations which occurred in selected morphological features and spinal curvatures in children and adolescents over a period of 40 years.
Background
The last few decades have seen significant progress in our understanding of various phenomena related to human health, including the shape of the spine. It is well established that spinal disorders are usually caused by incorrect postures adopted during daily activities. Yet, sagittal angles are frequently underestimated [1] . Their importance lies in the fact that the sagittal curvature of the spine and the pelvic inclination "work together" to enable maintenance of a stable posture and horizontal gaze. Once the sagittal alignment is abnormal, more energy is required so that the body can retain balance without external support [2] .
During recent decades we have witnessed a shift towards sedentary lifestyles [3] This is largely linked with advancements in automotive and information technology (IT) industries. Low levels of physical activity [4] , and growing hazards related to the natural environment can affect both body mass and height. The secular growth changes observed within populations are important because they provide markers of a given population's general health as it changes over time [5] , and they highlight inequalities in health, nutritional and social status within populations [6] . Given this, there is a lot of interest in growth trends across decades both in Poland [7] and in other countries [8, 9] .
In the 1950s, people in Poland were physically more active, their lifestyles were not impacted by such technological advancements as cars or computers which require sitting positions. Sedentary modes of operation have become the sign of the times at the start of the new millennium. We know that sitting causes the pelvis to rotate backward and leads to a decrease in lumbar lordosis, trunk-thigh angle, and knee angle and to an increase in muscle effort and disc pressure. Identification of changes in the shape of spinal curvatures, as well as body height and mass would provide evidence of phenotype changes occurring over time. This would also support the claim that it is necessary to update the relevant norms from time to time. Referential norms for diagnosing overweight, obesity, and underweight in children and adolescents are based on measurements performed among the white populations in 1985 [10] . It was shown in a study [11] that the choice of the norm is an important factor determining the frequency with which postural defects are identified. Studies reported by other authors suggest that the shape of the spine is affected by numerous factors, yet there are no studies assessing changes occurring in spinal curvatures over longer time periods.
It has been established that the shape of the spine in the sagittal plane is associated with stages of ontogenetic development [12] , physical fitness [13] , type of physical activity [14] [15] [16] [17] , body weight [18] , possible overloading [19] and body positioning [20] . Changes in the shape of one section of the spine tend to entail changes in the ones adjacent to or remote from the location of the original change [21, 22] . The shape of the spine plays an important role in neural regulation [23] , while a reduction in spinal curvature in the sagittal plane changes loading of the spine and its mobility, causing degeneration of intervertebral disks at each level [24] . The factor of time is another variable possibly affecting the shape of the spine, and consequently body height.
Research into changes of body height and mass has been conducted over the decades in Poland [25] [26] [27] and in other countries [8, 9, 28 ], but were not designed to also focus on spinal curvatures. Such analysis will enable better understanding of how environmental changes affect the shape of the spine, as well as body mass and height.
In view of this, and given the lack of related research, a study designed to investigate this issue is justified by the evident adaptation changes occurring over time and the developments which have affected the environment since the post-war period. There are also practical aspects, such as the need to update normative values related to growth, body mass and spinal curvatures, applied in pediatric medical care. Such studies may also provide information necessary in designing guidelines for standard height of furniture, profiling of chairs, car seats, as well as other devices where body height and shape of the spine are an important matter.
The purpose of this study was to assess significant changes in spinal curvatures as well as body height and mass in Polish children and adolescents aged 4 to 18.5 years old, over a 40-year period.
Material and Methods

Study participants
The comparative analysis took into account measurements obtained from the total of 7041 Polish children and adolescents. The first group of 3235 children was examined in year 1959 (SG-1959) by Napoleon Wolański [29] and the second group of 3806 participants was assessed in year 2003 (CG-2003) by Mirosław Mrozkowiak. Both studies were carried out in various regions throughout Poland and were designed to measure identical somatic and body posture characteristics, i.e., body height, body weight, inclination angles of the lumbosacral spine (alpha), thoracolumbar spine (beta), and upper thoracic spine (gamma), as well as the angle of lumbar lordosis (LLA) and angle of thoracic kyphosis (TKA).
The study was conducted after informed consent was received from the school principals, parents, and the participants themselves. The schools were randomly selected. In 2003, they were selected only in the regions of Poland corresponding with those in which the examinations were carried out in 1959. All children in a given school were examined, provided that they and their parents expressed consent and the children met the eligibility criteria. All the persons qualified for the study were able to walk unassisted, and did not use any orthopedic aids (canes, crutches, or walkers). All the study participants were able to assume standing position for the assessment. Children with neurological disorders or motor deficits impairing their ability to maintain balance in standing position without aid and/ or those using any orthopedic tools were disqualified. The eligibility criteria were as follows: absence of injuries or musculoskeletal pain in the previous 6 months; no neurological and systemic diseases. The information regarding health status, orthopedic aids as well as pain was obtained before the examinations were carried out, along with a consent for participation. All the examinations were performed during school hours, from 8 a.m. to 1 p.m.
According to the local bioethics commission in Bydgoszcz, examination of body posture using non-invasive methods, by its nature, is not a medical experiment, therefore a study of this type does not require an approval. 
Objective measurement of spinal curvatures
The examinations were carried out in the free or the so-called habitual standing posture, with no shoes; lower limbs straightened to the width defined by the hips, upper limbs positioned freely alongside the torso. If during an assessment a participant deliberately straightened up, the measurement was repeated.
In 1959, the examinations were carried out following the detailed instructions specified by N. Wolański and M. RudolfSokttowska in cooperation with physician M. Demel and were related to "General data and history" as well as "Health" [29, 30] .
The assessment focused on general health conditions and on measurements of body parts, using Martin-Saller's method and various instruments; however, the present analyses took into account only those measurements which related to body height, body mass, and spinal curvatures. Body height was measured with a stadiometer connected to weighing scales (typical equipment used by doctors in Poland at that time). Intervals of 0.5 cm and 0.1 kg were used in recording the height and the weight, respectively. During the examination the participants were in their underwear only. The same methodological rules were applied during all examinations [29, 30] .
The specific elements of the standing body posture were evaluated using a type II spherodorsimeter designed by Wolański. Its components included: a frame with a vertical element carrying upper, middle and lower pin; central and median slide bar; upper, middle and lower bridge; stabilizer and the base. The ordinates were identified for the main points and intermediate points marked in the areas of the spinous process, in the standing position. In fact, these were the same points in which partial angles were later determined using the photogrammetric method. The subsequent part, necessary for acquiring the final measurements, involved mathematical operations and did not require the participants to be present.
The results of these measurements were used to calculate the inclination angle of the different sections of the trunk, by applying tangents of each angle and reading the inclination angle values from tables. As a result of these mathematical transformations the specific angles corresponded with those determined using the photogrammetric method. These angles represented the following parameters: alpha was inclination of the sacral bone; beta was thoracolumbar transition; and gamma was inclination of the upper thoracic spine ( Figure 1A ) [30] . Usefulness of the spherodorsimeter was validated by studies focusing on types of body posture in individuals living in Poland in the 1960s [29] .
The 2003 examination was performed with equipment designed for computer-aided evaluation of body posture and using the projection Moiré phenomenon, now commonly employed in screening diagnostics [31, 32] , and facilitating accurate and reliable quantitative assessment of numerous parameters, both in sagittal and frontal plane [33] . To ensure appropriate accuracy, the examinations were conducted in conformity with generally accepted standards [15, 17, 18, [31] [32] [33] [34] [35] [36] . It was possible to obtain a 3-dimensional image by displaying lines with specific parameters on a child's back. The lines projected onto the skin were deformed according to the surface configuration, and these deformations in the line images were then transformed into a numerical algorithm in a form of a contour map of the examined surface. This image of the surface of the back allowed for a multifaceted interpretation of body posture and enabled calculation of the following angles: alpha was sacral inclination, beta was thoracolumbar transition, and gamma was inclination of the upper thoracic spine ( Figure 1B ) [35, 36] . These scores were compared with the results of the 1959 examination.
Despite the essential differences, these 2 methods enable assessment of specific spinal segments for their angles of inclination from vertical alignment with the use of a similar approach to spinal geometry measurement. Therefore, it seems possible to perform comparative analyses of these measurements conducted independently in different facilities. In both methods, greater partial angles meant greater inclination of the relevant spine section. The angles of lumbar lordosis (LLA) and thoracic kyphosis (TKA) were calculated according to the following formula: TKA=180 -(beta + gamma), LLA=180 -(alpha + beta), which means that the lower the value of the angle, the deeper the curvature, and the higher the value of the angle, the more reduced the curvature.
Statistical analysis
A statistical analysis of the results was carried out using Statistica 12.5. During the process, the results of the measurements performed in 2003 and in 1959 were examined for significant differences; the reverse marking of the angles in each method was taken into account. A lack of correspondence between the distribution of features and a normal distribution, identified with the Shapiro-Wilk test, was then examined using a parametric Student's t-test and non-parametric MannWhitney U test. Statistical significance was assumed at P < 0.05.
Results
The mean values of the specific partial angles in the spinal curvatures, relative to age, gender, and timing of the measurement, are shown in (Tables 1, 2) . Statistically significant differences between the groups were observed in boys aged 4, 9, 11, and 13 (Table 1 ) and girls aged 4-7 and 10, 13, and 14 ( Table 2 ). Differences in the alpha angle were observed in 4-year-old boys and 4-5-year-old girls.
The mean values of sacral inclination were lower in CG-2003. The analysis of the mean beta angle values revealed significant differences in boys aged 4, 9, 11, and 13, and in 4-and 14-year-old girls. Mean values of the beta angle were higher in CG-2003. No significant differences in gamma angles were observed in boys (Table 1) , however, girls aged 7, 10, and 11 years were found to differ considerably (Table 2) , with higher mean values in CG-2003.
Analysis of the differences between mean LLA and TKA values showed that LLA was greater in most age groups and TKA was partly greater in some age groups in SG-1959 compared to CG-2003 (Table 3) . Regarding somatic characteristics, significant differences between the groups were observed in body mass in boys aged 5-6, 8-10 and 14 years, and in girls aged 5-6 and 8-11 years. The analysis of the body height measurements revealed significant differences between boys aged 7-10, 12, and 17-18 years, and girls aged 7, 9, 11, 13, and 16 years. Higher mean values of the relevant parameters were recorded in the CG-2003 measurements (Table 4) . 
Discussion
Nowadays, more and more studies focus on assessing body posture with the use of objective measuring methods [37] [38] [39] , which in the 1960s was a rarity [29] . There are numerous publications reporting assessments of body posture in various populations [40, 41] , or discussing the relationship between environmental factors and the shape of the spine [12] [13] [14] [15] [16] [17] [18] [19] [20] . Yet, no research has focused on the links between the shape of the spine and time-related changes, indirectly reflecting environmental impacts. Studies investigating time-related changes in the human body provide a great deal of information about the impact of the changing environment on the body [42] . The pattern of somatic development is linked with genetic determinants as well as with environmental modifiers, such as postural habits, lifestyle, and conditions of work and leisure, therefore understanding the effects of the changing environmental impacts in somatic development of children and adolescents is of great importance. This observation provided motivation for the present study.
The present findings acquired during comparative analysis of measurements involving 2 groups of children and performed in 1959 and in 2003. The study results showed that over the years, changes occurred in front and back spinal curvatures, towards a reduction in the LLA, along with an increase in body weight and mass, particularly before pubertal growth spurt. Conversely, the present study showed that the changing living conditions did not significantly affect the shape of the thoracic spine kyphosis in Polish children and adolescents. Analysis of the specific angles, i.e., alpha angle (sacral bone inclination); beta angle (inclination angle of the thoracolumbar spine); and gamma angle (inclination angle of the upper thoracic spine) in the 2 groups showed significantly reduced inclination angle of the lumbosacral spine in the group examined in 2003, both in the boys and in the girls. The aforementioned changes showed a trend reflected by a decrease in the size of lumbar lordosis and a more vertical position of the sacral bone, compared to the participants examined in 1959. Our study also showed an increase in body mass and height in the study group examined in 2003, compared to the children examined in 1959. The presence of significant differences in lumbar lordosis and in sacral inclination in the relevant groups can be explained by modifications in the lifestyles of post-war generations in Poland. Progress of civilization and advancements in engineering and automotive sectors contribute to changes in lifestyle, from active to sedentary [43] , which is of great significance for the spine [44] . The present findings provide evidence reflecting sensitivity of lumbar lordosis and sacral inclination, as well as body height and mass to time-related changes in environmental factors.
Understanding the patterns of variation in sagittal alignment may help to discover the association between spinal shape and the development of degenerative changes in the spine. A decrease in sacral inclination over the years, identified by the present study, may explain the greater incidence of lower back pain observed nowadays in comparison to the 1960s, as reported by other researchers [45] . This is also consistent with a study by Ergun et al. [46] , where decreased sacral inclination was linked to greater disc degeneration, and with other reports suggesting increased incidence of spinal pain [47] .
The shape of spinal curvatures appears to be affected by such external factors as: carrying heavy school backpacks [19] , sitting patterns [48] , and exercise of one's choice [14] [15] [16] [17] .
Walicka-Cupryś et al. assessed correlations between the weight of a child's backpack, their body mass, and certain features of their body posture. The study group consisted of 109 7-year old children. The parameters of body posture were determined using the Zebris Ultrasonic System. The researchers determined that wearing a backpack heavier than 10% of one's body weight can cause shallowing of the lumbar lordosis and a tendency towards a vertical position of the sacrum [19] .
A study by Barczyk-Pawelec et al. reported higher incidence of kyphotic postures and a lower value of alpha angle (sacral inclination in relation to the vertical alignment) in table tennis players, compared to their non-player peers [17] . Muyor et al. [11] showed no relationship between tennis playing and the shape of anteroposterior spine curvatures. Grabara 
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This work is licensed under Creative Common AttributionNonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) lumbar lordosis in adolescent female volleyball players [49] . Other researchers examined a group of 42 divers and found that the study group presented significantly higher values of the parameters reflecting inclination of the thoracolumbar section of the spine (P=0.0000) and length of thoracic kyphosis (P=0.000), and lower values of the length of lumbar lordosis (P=0.0163). In comparison to the controls, the study group demonstrated more pronounced curvature of thoracic kyphosis P=0.0006) and lumbar lordosis (P=0.0235) [15] . Grabara found significantly lower angular values of lumbar lordosis in young football players, compared to their untrained peers [50] .
A study by Drzat-Grabiec et al. involving 91 children aged 11-13 years old, investigated changes in spine curvatures as a result of a different body posture, and found that a sedentary position greatly affects the shape of lumbar lordosis towards its reduction [48] . According to the current study, lumbar lordosis is not only reduced temporarily as a result of sitting but is also reduced permanently over several generations. Introduction of mandatory kindergarten education in Poland in the 1990s may have contributed to this situation by reducing children's playtime and compelling them to use sedentary positions.
Reduced lordosis may lead to more frequent back pains [51] . Results of studies focusing on the impact of sedentary position on back pain do not provide explicit evidence. Some authors claim that back pain is reduced through sitting [52] , while others argue that sedentary position is a cause of back pain [51] . The reduction in lumbar spine lordosis over the years, identified by the current study, may explain the higher incidence of back pain in contemporary populations [39] , which corresponds with the contribution of reduced lumbar lordosis to intervertebral disk degeneration [53] . Other scientists have not found any differences in the size of lumbar spine in individuals with back pain [44] , or individuals involved in specific types of motor activity [13] . Frequently observed differences in sacral inclination and lumbar lordosis angles among girls are correlated with increased incidence of postures with impaired statics between 7 and 12 years of age, these being particularly hazardous for correct body posture. This increase has been identified in studies conducted by other authors [54] . The degree of inclination in both the upper thoracic section and thoracolumbar transition correlates with scoliosis, or the so-called dowager's hump [55, 56] . The decrease in the parameters of thoracic kyphosis and inclination of the upper thoracic section over the years, identified by the present study, should be taken into account in analyses focusing on the incidence of scoliosis over the years. a direction of changes which should be introduced in order to decrease the incidence of back pains.
Body height and weight are among other features showing a tendency for change depending on living conditions. Acceleration in growth and body mass depends on well-being and on eating habits, which is typical of highly affluent countries [57] . The authors' own studies have revealed a significant increase in body weight and height between generations. Considerable differences in somatic characteristics, particularly during prepubertal period, result from better nutrition and a more diversified diet, as well as limited physical activity [58, 59] . In 2004 Fus and Gworys made an attempt to identify variability of the growth process and the age at which growth stops, based on selected somatic features. They compared measurements of body mass and height taken in 1988 and 2003 in a population of 9919 children and adolescents aged 9 to 23 years old, living in the Podkarpackie and Kujawsko-Pomorskie regions in Poland. It was established that essential growth in body height and in most somatometric features ended in the relevant population at the age of 16-18 years old. Body weight was the last parameter to be stabilized. An increase in the somatometric characteristics after the age of 18 years old and other related changes in body proportions were only minor [26] . The results of the study correspond to the trends identified in the current work. Another study conducted in Poland, more specifically in the city of Poznań, focused on changes in body weight and height in course of 100 years and identified periods of acceleration and stabilization in the growth of these characteristics, which supports the present findings showing increase in body height and mass over a period of 40 years [7] .
In another study, Suder et al. investigated secular trends in body mass index (BMI) and waist circumference (WC) in Polish school children examined over a period of almost 50 years. The data related to body height, weight, and WC came from 4 cross-sectional surveys conducted in Poland between 1966 and 2012, involving 34 005 boys and 34 008 girls. In this study, abdominal obesity in Polish children increased significantly from 1966 to 2012, with a tendency reflecting a greater increase in the rates of children with central rather than overall obesity [27] . Based on the analysis of our findings and those reported by other authors, related to increase in body mass, it can be assumed that the number of metabolic complications in Polish children and adolescents may intensify in the future.
Furthermore, a study conducted in Russia, in the Nizhniy Novgorod region, by Kuzmichyov et al. (2014) reviewed measurements from 1946-2012, related to body length and mass in children and adolescents aged 7-17 years old, and identified quantitative and qualitative changes in these characteristics across the entire age range, which led the authors to the conclusion that children born at the start of the 21st century develop faster, on average by 2-3 years [8] . Another study conducted in Russia showed changes towards increased body height in a period of 115 years, yet during the most recent 15 years, no further changes in body weight and height were identified, which suggests stabilization in the growth of these characteristics [28] . A study by Ji et al. reported that in China positive changes had occurred in the characteristics of body mass and height in a period of 5 decades, and the authors drew a conclusion that the fact was linked with improved socioeconomic conditions [9] .
These aforementioned studies suggest that secular growth trends partly depend on the region of the world and on environmental factors. During one's physical development the spinal curvatures evolve, and the process is affected by frequently assumed body postures as well as activity in one's daily life and these factors are likely to alter the spinal morphology.
The value of the research
This study confirms that changes in spine dimensions, such as body height and spinal curvatures, took place over a 40-yearperiod. These findings can be used by institutions in establishing guidelines for medical staff evaluating anthropometric characteristics of their patients, and for biomechanical computer modelling of spine growth and development. They also suggest it is necessary to constantly adapt industrial designs to changing secular trends.
Limitations of the research
Certain limitations of the study should to be taken into account. Despite the fact that the tools used in both examinations produced comparable measurements from the viewpoint of the study method, yet the different degree of engineering advancement in the design of the tools must not be overlooked.
Conclusions
The values for lumbar lordosis angle and sacral inclination decreased in girls and in boys over the 40-year study period. The values of the angle of thoracic kyphosis and partial angles of physiological spine curvatures reveal minor changes in boys and moderate changes in girls. Over a 40-year period, there was a significant change in body height and mass, particularly in prepubertal children. The results of this study demonstrating a change in the physiological spinal curvatures over 40 years should be taken into consideration, for instance by public healthcare services in developing their evaluation standards as well as in designing guidelines for standard height of furniture, profiling of chairs, car seats, as well as other devices where body height and shape of the spine are an important matter.
